Background: Insect venom is the second most common cause of anaphylaxis outside of medical encounters. Stings cause over 20% of all anaphylactic deaths and 7% of anaphylaxis in children. To date, there have been no longitudinal studies of insect sting events or allergy in preschool children.
| INTRODUC TI ON
Insect venom is the second most common cause of anaphylaxis outside of medical environments. 1 Hymenoptera stings (bee and wasp species) cause over 20% of all anaphylactic deaths and 7%-19% of anaphylaxis in children. [2] [3] [4] Hymenoptera venom allergy is known to be more common in adults than in children, 4, 5 but there are few data on hymenoptera stings in the pediatric population, particularly in the preschool age group. Three cross-sectional studies apply to an older pediatric population, and there are no longitudinal studies. [6] [7] [8] Reactions to hymenoptera stings range from transient local reactions, due to the envenomation, to systemic reactions such as anaphylaxis. Factors which predispose to a severe reaction include a large number of stings and increasing age. 9 Children who live in a rural area and those with asthma are also more likely to have a severe reaction. 6 Children are also more likely to be re-stung than adults. 10 Hymenoptera venom allergy is diagnosed by a positive history of a typical reaction, after a typical sting event, supported by allergy-specific immunologic testing for immunoglobulin E (IgE)
to the suspected venom. 11, 12 Asymptomatic sensitization, the demonstration of positive IgE-based testing either in skin prick testing (SPT) or in the measurement of serum levels of allergenspecific IgE without a history of an adverse reaction to the sting, is common; rates have been reported between 15% and 40%.
13-15
An Italian study found 3.6% of a mid-childhood pediatric cohort to be sensitized regardless of sting history. 16 Clinically significant reactions can also occur in the presence of negative IgE-based skin or serological testing.
The aim of this study was to prospectively determine the cumulative incidence of hymenoptera stings in unselected children under the age of 5 years in an Irish birth cohort and also to provide longitudinal follow-up on sting events and hymenoptera venom allergy in children.
| ME THODS
This is a longitudinal observational study using data from the Cork Questionnaires were administered by trained researchers, at 6 and 12 months and at 2 and 5 years of age, and skin prick tests (ALK Abello, Berkshire, UK) were performed at the 2-and 5-year visits.
SPT was carried out for bee, vespula, and nine other common allergens with histamine used as a positive control. A reaction larger than 3 mm was considered to be positive, in the presence of at least a 3-mm response to histamine and no response to saline. Among the questions asked at 6 and 12 months and at 2 years was "Has your child had an adverse reaction to bee or wasp sting in the last 6 months?" At 2 and 5 years, parents were asked "Was your child ever stung by a bee or wasp?" and "Did your child ever have an adverse reaction to a bee or wasp sting?" In a nested cross-sectional study, those who reported a positive sting history at 2 years were contacted by phone with a further questionnaire relating to the sting history, including whether the child was inside or outside at the time, location of the sting on the body, and treatment (Appendix 
| RE SULTS
Six of 1809 children (0.33%) were parentally reported to have had an adverse reaction to a bee or wasp sting in their first 6 months, four were local only, and two were reported to be systemic (Table 1) 
Values shown as N (%) unless otherwise specified. a Only data on adverse reactions collected at 6 and 12 mo, no sting history. b Data on type of sting only collected at 2 y. c None medically confirmed.
TA B L E 1 Sting history across infancy and early childhood
none was assessed by a doctor or referred to either the BASELINE study team or the pediatric allergy clinic.
At one year, 16 of 1691 (0.9%) children were parentally reported to have experienced an adverse reaction to a sting. Twelve of these reactions were local and four were reported as systemic, but again no reported systemic reaction was medically confirmed or referred.
Two local reactions were medically confirmed.
Parents of 77 (6.8% of 1209) children reported their child had been stung by a bee or wasp before 2 years, with only a single child stung more than once. Fifty-four (70%) of those previously stung were contacted by phone for further details of the sting. The median age at sting was 19 months, and children were more likely to be stung while outdoors (66%). Half of the children were stung on the finger or hand (47%), and almost one-fifth (18%) were stung on the face (see Figure 1 ). Most did not seek healthcare advice (42%), but where sought, a pharmacist, not a doctor, was most frequently contacted (8%). The most commonly used treatment was vinegar (18%), and 21% did not use any treatment.
Skin prick testing was carried out at the 2-year visit. Eleven of 1232 (0.89%) were positive; 8 to bee, two to wasp, and a single child was SPT positive to both. Four of the 11 (36%) SPT-positive children at 2 years had been stung. Thirty-nine children had spIgE testing at 2 years, and only two children were positive (Table 2) . One child had not been stung before 2 years and was not stung between 2 and 5 years of age either. This child was SPT positive to bee at 2 years, but had negative sting SPTs at the 5-year visit. This child was spIgE positive for both bee and wasp and was food and aeroallergen sensitized at 2 and 5 years to peanut and dust mite. The second child with a positive spIgE result at 2 years had been stung without incident and had negative SPT at both time points. He had a positive spIgE to wasp only and was aeroallergen sensitized at 2 and 5 years to dust mite. Children with positive SPT to bee or wasp were found to have a higher rate of allergic sensitization than the general population (Table 3) .
At 5 years, 21.9% (n = 268) of children reported a positive sting history. A total of 144 (52.2%) reported local reactions only with no large local reactions or systemic reactions ( Table 1) . The other 124 children reported no reaction. SPT for bee and wasp was performed in 937 children at 5 years, 4 (0.4%) of which were positive: one for bee and three for wasp. 
Three of those who had a positive skin prick test at 2 years were subsequently stung between the 2-and 5-year visits. One of these children experienced a local reaction, and the other two children had no reaction.
Repeat SPT was carried out at 5 years. Seven of the nine children with positive SPT to bee at 2 years had a negative result at 5 years, and the other two were lost to follow-up. Of the three children who had a positive SPT to wasp at 2 years, one was lost to follow-up and the remaining two had a negative result at 5 years.
| D ISCUSS I ON
Previous cross-sectional studies from Ireland, Spain, and Israel have examined hymenoptera sting allergy in older children. [6] [7] [8] We report the first longitudinal study of hymenoptera stings and sting allergy in preschool children. Our research shows the cumulative incidence of hymenoptera sting events to be 6.8% at 2 years and 21.9% at 5 years. Published data report figures ranging from 37.5% to 68.9% in school-going children [6] [7] [8] with even higher ranges reported in adults (56%-94%), 18 which support our findings of increasing incidence over time.
Previous studies of systemic reactions in older children have indicated ranges of 0.5% up to 11%. [6] [7] [8] 19 The number of systemic reactions reported in our study was low throughout our follow-up to 5 years, only eight children in total or 2% of those that were stung. It is notable that these were parent-reported events and therefore may be over-estimated as only three cases were diagnosed by a doctor and none was referred to the BASELINE study team, to the emergency department, or to the pediatric allergy clinic. Yavuz et al 20 reported a rate of systemic reactions as high as 56% when self-reported by children.
Skin prick testing was positive in 0.9% at 2 years and 0.4% at 5 years, with only one child sensitized to both bee and wasp at 2 years.
Five of those who had a positive SPT at 2 years had not been stung, implying that cross-reactivity from IgE antibodies for different venoms or bites can take place, as reported in previous studies. 9 No child was sensitized at both 2 and 5 years, indicating that this non-specific venom sensitization can wane, and three were subsequently stung, with no systemic reaction. This confirms the low specificity of skin prick testing in a general population. Bilo et al reported low numbers of sting-induced anaphylaxis despite a high prevalence of asymptomatic sensitization 21 . Our findings are in keeping with previous studies suggesting that SPT should be performed only where clinically indicated by a report of an adverse reaction that is more than local envenomation.
11,12
Component-resolved IgE findings should similarly be interpreted with caution due to the low number of positive results and should be considered for use only in the context of sting history and SPT results.
| Limitations of the study
The most significant limitation was that these events were parentreported rather than medically diagnosed, leading to likely over-estimation of adverse reactions, which may have been simply local envenomation. This is offset by the low rates of positive SPT and spIgE when used. Values shown as % (n) unless otherwise specified. This research is the first longitudinal study of hymenoptera venom allergy in a preschool pediatric population, and the data should reassure parents and clinicians about the usually benign nature of hymenoptera stings in preschool children.
TA B L E 3 Sensitization rates
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